Introduction
The tacaná-Boquerón Biological corridor, which includes the Priority terrestrial region 135 (according to conABio. Arriaga et al. 2000) and the Volcán tacaná Biosphere reserve is the second most orchid species-rich region in mexico, with 295 species registered so far (Damon 2011) . This figure represents almost half of the 600 species registered for the whole of the biodiverse, tropical state of chiapas (cabrera 1999) and includes 37 threatened species mentioned in the nom-ecol-o59-2001 (semarnat 2002), such as Rossioglossum grande (lindl.) garay and g. c. Kenn. (in danger of extinction), Cuitlauzina convallarioides (schltr.) Dressler and n. H. Williams (threatened) and Rhynchostele bictoniensis (Bateman) soto Arenas and salazar, the latter a new record for soconusco for which a few individuals were discovered in 2010 (A. Damon pers. comm.) . many species registered historically in the region have already disappeared, whilst the populations of several others are severely depleted due to habitat loss and illegal trafficking (lópez 1980; Pérez 1994; soto-Arenas et al. 2007) .
From the very first attempts at in vitro germination (Knudson 1922), we have evidence that fungi and bacteria are associated with the germination of orchid seeds. orchid seeds usually lack, or at best have limited nutritive reserves and often depend upon mycorrhizal fungi for germination (rasmussen 1995) . normally, colonization of the seed by the fungus starts when hyphae enter germination suggest that dependence is more complex and that the fungus also intervenes in the process of differentiation and development of the different stages from seed to juvenile plant (zettler et al. 1998) . However, it is clear that the seeds of many orchid species cease development and eventually die if not colonized by a suitable mycorrhizal symbiont (zettler et al. 1998; markovina and mcgee 2000; Pereira et al. 2005) .
in the majority of cases, om (orchid mycorhizae) are considered as a separate group of mycorrhizae that conform to the Rhizoctonia group (otero et al. 2007) . in almost all cases reported, mycorrhizae isolated from orchids often do not yield a perfect state under in vitro conditions, and have binucleate hyphae (mosquera-espinosa et al. 2010) , making classification beyond the genus level difficult without DnA analysis.
Positive results have been registered using selected Rhizoctonia-like strains to promote the symbiotic germination of some species of epiphytic orchids, paving the way for significant advances in this area (otero and Bayman 2009). The possibility of obtaining plantlets of epiphytic orchids inoculated with mycorrhizal fungi shows promise as a component of strategies for the restoration of natural populations, as these plants should be better able to survive natural environmental conditions and resist attack by pathogens. in this way, we should be able to develop viable and efficient techniques for the mass production of endangered and overexploited orchid species and reduce genetic erosion in both natural and cultivated populations (zettler et al. 2007 ).
The Project "ecology and sustainable cultivation of the orchids of soconusco" is dedicated to develop mechanisms for the conservation and restoration of natural populations of native orchid species. in this study, our goal was to symbiotically propagate three species of rare/ endangered orchids, using strains of Rhizoctonia-like fungi isolated from the same or other species of orchid found in the same area. in the case of Rossioglossum grande we also sought to investigate the possibility of the inoculation of asymbiotically, in vitro, pregerminated protocorms to increase the survival, quality and numbers of plants produced and to shorten production time. For Cuitlauzina convallarioides and Rhynchostele bictoniensis we studied the possibility of germinating seeds using Rhizoctonia-like fungi isolated from other species.
Materials and Methods
The study area was the tacaná-Boquerón Biological corridor in the extreme southeast of the state of chiapas (mexico) between: 14°53′24″-15°21′36″n, and 92°04′12″-92°22′12″W (Arriaga et al. 2000) . All samples were collected during the dry season (november to may). We collected roots and a mature fruit of Rossioglossum grande (lindl.) garay and g. c. Kenn. in march, roots and mature fruits of Rhynchostele bictoniensis (Bateman) soto Arenas and salazar and Cuitlauzina convallarioides (schltr.) Dressler and n. H. Williams were collected in january, and roots of Rhynchostele cordata (lindl.) soto Arenas and salazar were collected from February to may.
Isolation of endophytic fungi from orchid roots
Three root samples were taken from plants of each species growing in situ, R. grande, R. cordata, R. uroskinneri and C. convallarioides. The roots were taken to the laboratory (ecosur-tapachula) in sealed plastic bags in an ice box with synthetic ice, to avoid decomposition and oxidation. Within 48 hrs of collection, the roots were washed to eliminate surface impurities and the velamen was removed. using a scalpel, transverse sections (every 2 cm) of the roots were prepared and observed for the presence of fungal pelotons to permit selection of the sections with the highest levels of colonization and lowest levels of digestion of the pelotons. The selected sections were sterilized by immersion in calcium hypochlorite (cloralex®, mexico) at 1% for 3 min. under aseptic conditions in a laminar flow hood, 9 segments of roots (2 mm length) were sown onto 10 g/l of Bactoagar DiFco® (WA: water agar) in 9 cm Petri dishes. incubation was carried out in the dark, at a temperature of 25 ± 2 °c (shimura and Koda 2005) and fungal hyphae began to emerge after 24-48 hrs. Hyphal tips were recovered from the cultures and the whole process was repeated two or three times to obtain pure cultures. The pure strains were sown onto potato dextrose agar (PDA. BioXon®) at 39 g/l and maintained in the dark at 25 ± 2 °c to observe the morphological characteristics of the developing fungal colony.
study of the morphological characteristics, and tannin digestion test, of the endophytic fungal strains isolated
We studied the following parameters of the purified fungal strains cultured in PDA (BioXon® 39 g/l, pH adjusted to 6.8), in darkness, at 25 ± 2 °c: morphological characteristics of mycelial growth and hyphal structure, growth rate, characteristics of the fungal colony in terms of color, topology (ring patterns), texture (fluffy, smooth, lumpy), fluorescence of nuclear DnA with 4′,6-diamidino-2-phenylindole (DAPi), width of principal hypha, length of hyphal bifurcation up to the dividing sector and width at the dividing sector.
We also applied the polyphenol oxidase enzymatic test. This is a test for the ability to digest tannin, which is a characteristic of some groups of fungi and also indicates the potential of the fungus to colonize orchids that grow on tannin-rich substrates. For this test, 7.5 g of agar and 5 g of malt were dissolved in 425 ml of distilled water and autoclaved without adjusting pH. under aseptic conditions 2 g of tannic acid was dissolved in 75 ml of distilled water, through a syringe fitted with an acrodisc filter gelmAn® with mesh size 0.45 µm, to avoid con-tamination. After three days, media free of contamination were inoculated with the fungal strains and incubated in the dark at a temperature of 25 ± 2 °c. A change of colour, from beige to intense dark brown indicates digestion of the tannins.
Disinfection of seeds
Due to the scarcity of these orchids, and their habitual low rates of pollination, only one fruit was collected for each species, each containing several thousand seeds. The capsules of both R. grande and R. bictoniensis were already dehiscing when collected, and the seeds had to be sterilized before sowing. The seeds were submerged in a solution of calcium hypochlorite at 1% for 3 min, after which the solution was passed through a filter to recover the seeds, which were then rinsed in distilled water and filtered, which was repeated a further three times. The capsule of C. convallarioides was still closed and was washed with commercial detergent and sterilized externally by the same process, rinsed in alcohol and flamed before opening and extracting the seeds.
Post germination development test
Rossioglossum grande. seeds were pre-germinated asymbiotically in Dalla rosa and laneri culture medium (1977) and when they had reached stage 1 protocorms (zettler and mcinnis 1994) they were transferred to nutrient poor basic oat culture medium sigmA® (usA) (mitchel 1989), sowing 30 protocorms per Petri dish. each Petri dish was inoculated with one of the fungal strains previously isolated. A total of 10 treatments were set up, each one with one of the fungal strains from the same species, a control with uninoculated nutrient poor basic oat medium and another control with uninoculated nutrient rich Dalla rosa and laneri medium.
Variables analyzed: monthly, frequency of surviving protocorms was recorded, and the diameter of the protocorms were measured non-destructively using a microscope. The survival frequencies at 3 and at 10 months after sowing, were compared using Pearson's χ² test and the likelihood ratio χ² test per treatment. Diameters of protocorms were compared with a one-way AnoVA and the tukey's HsD test (p = 0.05) (software minitab 15®).
Germination test
Rhynchostele bictoniensis. Approximately 200 seeds per Petri dish were sown onto basic oat culture medium. At three days after sowing, Petri dishes with no signs of contamination were inoculated with one of 7 selected fungal strains: 1 strain isolated from the roots of C. convallarioides, two strains from the roots of Rhynchostele uroskinneri (lindl.) soto Arenas and salazar, two strains from R. cordata and two from R. grande, plus a control of 2) . epiphytic orchids feed upon decaying organic material on the bark surface, and furthermore, Rhynchostele cordata, R. uroskinneri and in a few cases R. grande, were observed to colonize the basal part of the trunk of the host tree, with their roots, therefore, in contact with leaf litter. under laboratory conditions, in PDA with a pH of 6.8, the fastest-growing strain was from C. convallarioides (cc9; 11.5 mm/24h), and the slowest growing from R. grande (rg8, rg25, rg27; 3.5 mm/24h) (table 2).
Post germination development test with R. grande
After one month of inoculation, pelotons were found inside the cortex of the protocormos in every treatment (examples in Fig. 5 ). After 3 months there were differences in mortality, with 86.6% survival of the protocorms of R. grande that had been inoculated with fungal strain rg27, as compared to 63.3% survival of protocorms in the control (non-inoculated Dalla rosa and laneri) and only 53.3% survival in basic oat medium (table 3) . Cuitlauzina convallarioides. Applying the same process as described for R. bictoniensis, in this case, three fungal strains isolated from the same species were used.
Variables analyzed: Data were taken of the frequency of surviving protocorms per treatment. The frequency of healthy spherical (as compared with ovoid) protocorms and their colour, was noted as indications of development, given that rhizoids had still not formed. Frequencies of surviving protocorms, spherical and ovoid, were compared using Pearson's χ² test and the likelihood ratio χ² test (software minitab 15), at 4 (R. bictoniensis) and 3 (C. convallarioides) months after sowing. . All cultures were maintained under a photoperiod of 16/8 h light/dark, with ca. 14.1 µmol m 2 s −1 , at a temperature of 25 ± 2 °c.
results and Discussion
Endophytic fungi the morphological characteristics of the purified fungal strains are resumed in tables 1 and 2. For the determination of the colour of each strain, we consulted the fungal colour reference of the royal Botanic garden (2003) . All the strains presented binucleate hyphae and most had a width of 2 to 5 mm. All of the fungal strains isolated from R. grande and most of those from R. cordata (rc18, rc24) had marked rings. Figures 1, 2 and 3 , show the characteristic form of the hyphae of Rhizoctonia-like fungi, taken from three of the most effective strains in this study.
An interesting discovery was that some of the strains in this study produced polyphenol oxidase, implying the capacity to live within high concentrations of tannin and suggesting decomposing organic material. These strains were isolated from: R. grande (rg7, rg 8, rg24), C. conval- Pearson Chi-Square = 39.308, DF = 11, P = 0.000. Likelihood Ratio Chi-Square = 41.686, DF = 11, P = 0.000 After 10 months, comparing the frequency of live protocorms, there was significantly higher survival of the protocorms inoculated with rg27 (Pearson's χ² = 85.415 and likelihood ratio χ² = 87.230, both with d.f. 11, P = 0.000). to confirm the results we compared strain rg27 with both controls (Dalla rosa and laneri and basic oat media), applying Bonferroni's correction and also obtained a significant difference (Pearson's χ² = 26.809 and a likelihood ratio χ² = 29.415, both with d.f. = 2, P = 0.000. Finally, a direct comparison between rg27 and the control in Dalla rosa and laneri, applying Bonferroni's correction, also gave a significant difference (Pearson's χ² = 9.320 and likelihood ratio χ² = 9.770, both with d.f. = 1, P = 0.002).
For protocorm diameter (table 4) , there were significant differences between treatments. The basic oat medium control showed the least growth and protocorm development, with an average diameter of 1.38 mm at 10 months, as compared to the Dalla rosa and laneri control which had an average diameter of 2.62 mm, which was not significantly different than the diameters of protocorms obtained with fungal strains rg1, rg25, rg4 and rg7. The diameter of protocorms in the Dalla rosa and laneri control was not significantly different from the diameter of protocorms growing with fungal strains rg1, rg25, rg4 and rg7, but was significantly greater that protocorms exposed to fungal strain rg27, which, in turn was superior to the basic oat meal control. We consider strain rg27, to be the most effective fungus in supporting growth and survival of protocorms of R. grande (Fig. 4) . Germination test with Rhynchostele bictoniensis symbiotic germination was promoted by fungal strains from R. uroskinneri (ru21), R. cordata (rc18, rc24) and R. grande (rg26) (Fig. 6) , as evidenced by healthy, spherical protocorms and the probable development of chlorophyll, as shown by the green colour (table 5) . There was a significant difference in percentage germination, considering frequencies of ovoid and spherical protocormos (Pearson χ² = 139.526 and likelihood ratio χ² = 163.103, both with d.f. = 6, P = 0.000). The highest germination was in the asymbiotic Knudson c control, but there was evidence of oxidation, possibly due to a reduction in pH promoted by the development of the protocorms themselves. in contrast, the treatment with fungal strain rc18 had pale green protocoms with no trace of oxidation, and this strain had the highest germination of all the fungal strain treatments, but a lower value than that obtained with the asymbiotic Knudson c control. We consider the presence of ovoid protocorms as positive as a preliminary stage of germination, before advancing to a spherical shape and producing rhizoids. good results were also obtained with fungal strains ru21 and rg26, with most of the protocorms having a healthy colour and spherical shape (table 5) . no protocorms with rhizoids were observed during the 4 months in any of the treatments or Knudson c medium control.
Germination test with C. convallarioides
There was a significant difference in seed germination among treatments (Pearson χ² = 1124.552 and likelihood ratio χ² = 1334.756, both with d.f. = 3, P = 0.000), where the Knudson c control was shown to be the most efficient in terms of development of spherical protocorms (table 6).
The fungal strain that resulted in the highest germination rates after three months was cc4, but the results were not significantly different from the Knudson c control (Pearson χ² = 84.968 and likelihood ratio χ² = 84.584, both with d.f. = 1, P = 0.000, applying Bonferroni's correction). However, as observed previously, significant oxidation occurred in the protocorms growing in the asymbiotic Knudson c control, which at three months were a brown-green colour, which was not observed in any of the inoculated treatments. These results suggest that the fungal inoculates may offer a competitive advantage to the orchid protocorms, in terms of survival and vigour (Fig. 7) . conclusions germination of orchid seeds under natural conditions is promoted by mycorrhizal fungi largely assignable to the form-genus Rhizoctonia. The preliminary results of our research suggests that the use of fungal isolates from the same orchid species or other species growing in the same habitat may indeed promote health and vigour and greater long-term survival of protocorms, when compared with protocorms grown in asymbiotic low and high nutrient media.
We have obtained evidence that endophytic Rhizoctonia-like fungi isolated from orchid roots are compatible with the seeds of the same species of orchid and may promote greater health and survival of protocorms. in the specific case of R. grande, we offer evidence that inoculation may be successfully carried out after an asymbiotic pre-germination phase and offer observable advantages.
the results obtained with C. convallarioides and R. bictoniensis confirm that not all fungal isolates are equally effective in promoting orchid seed germination and development of protocorms. However, these preliminary results suggest that in most cases some benefit is afforded in terms of the health of protocorms obtained when compared with those obtained in asymbiotic, 1 mm nutrient-rich media (Dalla rosa and laneri, Knudson c) and also nutrient-poor media (basic oat meal agar), which showed signs of oxidation and deterioration. The presence of the fungal inoculants may serve to maintain optimum conditions within the culture, particularly acting as a buffer to maintain suitable pH (between 5-5.5). some orchid species tested in this study (e.g., R. bictoniensis) may rely on a broader range of fungi to fulfil their mycotrophic needs fitting the profile of a "generalist" (swartz and Dixon 2009), and may be compatible with certain fungal isolates from other orchid species albeit from the same habitat or region and/or the same genus. We have evidence of compatibility with fungi isolated from the roots of two other species of the same genera, Rhynchostele (R. uroskinneri and R. cordata), both of which promoted seed germination in R. bictoniensis and evidence of compatibility with fungal isolates from a different genus, Rossioglossum (R. grande) growing in the same region, which also demonstrated positive effects. However, fungal isolates from Cuitlauzina (C. convallarioides) did not promote germination in Rhynchostele bictoniensis.
our results coincide with comments in the literature that a minimum of 6 months is required for significant development of protorms in symbiotic cultures, as observed by Hayes (1969) with Odontoglossum and Miltonia in symbiotic culture media with 1% starch.
These preliminary results are a contribution towards the in depth study of the symbiotic or perhaps parasitic relationship that epiphytic orchids maintain with endophytic mycorrhizal Rhizoctonia-like fungi, towards a future application of that relationship for the restoration of natural populations and sustainable exploitation of over exploited species. We are continuing with our study and plan to carry out DnA analysis of the most effective fungal strains, and determine the distribution of those strains amongst orchid species and genera, habitats and substrates. We hope eventually to employ fungal isolates for the mass production of vigorous plants capable of adapting to natural conditions for the restoration of endangered and overexploited epiphytic orchids in the soconusco region of southeast mexico.
